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Only molybdenum in cast iron improves 
both strength and toughness 


CLIMAX FURNISHES AUTHORITATIVE ENGINEERING | ‘E MOLYBDIC OXIDE, BRIQUETTED OR CANNED e 
DATA ON MOLYBDENUM APPLICATIONS. ols FERROMOLYBDENUMe“CALCIUM MOLYBDATE” 










In a wind tunnel an AERONAUTICAL 
ENGINEER uses a 40,000 horsepower 


electric motor to create a 400-mile-an- 





















hour tornado for testing war planes. 


... the name on the MOTOR is Westinghouse. 


eet : In a factory a WORKER assembles 
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delicate bomb-sight parts in air made dust- 
free by the Precipitron* electrostatic 
air cleaner. 


... the name on the PRECIPITRON* is Westinghouse. 





In a penicillin plant a SCIENTIST uses 
a Sterilamp* bactericidal tube to protect 
this life-saving drug from contamination 


by air-borne bacteria. 


... the name on the STERILAMP* is Westinghouse. 





On America’s largest aircraft carriers 
the NAVY uses steam turbines which 
make our carriers the world’s fastest. 


... the name on the TURBINES is Westinghouse. 





TODAY — These are some of the ways in which Westinghouse 





products are serving in the war effort. 


bd h TOMORROW — Existing and new products of Westinghouse 
estin OUuUSE research and engineering will serve industry and the home. 
PLANTS IN 25 CITIES OFFICES EVERYWHERE 


*TRADEMARK REG. U.S. PAT. OFF. 


Tune in: JOHN CHARLES THOMAS—Sunday 2:30 pm, EWT, NBC. TED MALONE—Mon. Tues. Wed. Evening, Blue Network 
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A Scene From the Metro-Goldwyn-Mayer Picture—EDISON, THE MAN 


HIGH DIELECTRIC STRENGTH 


LOW MOISTURE ABSORPTION 
CORROSION RESISTANCE 


COMPRESSIVE STRENGTH 


TENSILE STRENGTH 
FLEXURAL STRENGTH 


IMPACT STRENGTH 


STABLE AT ORDINARY 
TEMPERATURES 


| Mt Mae Propertion~Combinnd 


O* ALL man’s inventions, one of 
the greatest, universally, was 
Edison’s incandescent filament ... 
a fine thread from which a whole 
new pattern of life was woven. 
Edison simply experimented with 
known substances until he found 
one that met his singular require- 
ments. You may have material prob- 
lems, too. However, knowing your 
requirements, you may find your 


special answer in technical plastics. 
If excellent electrical properties, 
resistance to corrosion, mechanical 
strength, easy machineability and 
many other combined characteris- 
tics are desirable, our type of tech- 
nical plastics—Synthane—can be 
very helpful. Send for the Synthane 
catalog and compare your needs 
with Synthane’s advantages. 
Svnthane Corporation, Oaks, Pa. 


SYNTHANE TECHNICAL PLASTICS 


SHEETS © RODS © TUBES © FABRICATED PARTS SYNTH AN 


MOLDED-LAMINATED  MOLDED-MACERATED 


Plan your present and future products with Synthane Technical Plastics 
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“Oh Bob, I can hardly believe we’re 
really going. Are you certain we can 
afford it?” 







“We sure can, Honey. These stainless steel 
sleeper-coach trains make it easy on the 


pocketbook.”’ 






“Such an attractive car. And comfortable seats.” 


“Best part of that, the seats are ours for the whole 
trip. Numbered and reserved. No scrambling or 
overcrowding on this train.’ 
















, * are planning and dreaming of travel, when war’s emergencies are 
al over. The railroads, too, are planning—to give you more and finer trains. 
You will see new stainless steel, streamline trains, built by Budd, many of 
them one-class or Sleeper-Coach trains which give you both luxury and 
1e economy. Budd builds of gleaming stainless steel for strength and safety 
—builds reclining chair cars of most modern type, sleeping cars, din- 


ing cars, tavern and observation cars, and complete trains. 


EDWARD G. BUDD MANUFACTURING COMPANY - PHILADELPHIA, PA. 


Originators of stainless steel, lightweight trains. ALLSTEEL* auto bodies and highway truck trailers. Designers and 


makers of airplane and marine structures. Inventors of the SHOTWELD* system of fabricating hi-tensile steel. 


@neEQ. U. S$. PAT. OFF. 








APRIL, 1945 









ffow to put a polish 
on @ Latch String / 

































From that modern latch string, the doorknob 
on your front door, straight back to the lock on 
your back door, there is practically nothing in 
your home that has not been ground, finished 
or sanded by such abrasive products as are made 
by “CARBORUNDUM.” They have ground and 
polished the metal parts of your kitchen stove, 
bathroom fixtures, household hardware and the 
parts and castings of your furnace. They have 
sanded the furniture and the floors. They have 
even put the bevel on your mirrors and cut the 
beautiful figures in your cut glass—ground, 
finished and polished your table ware. 





The truth is there is practically no 
industry which does not, somewhere 
employ abrasives, super refractories 
r ‘“‘GLOBAR”’ electric heating ele- 
ments by ““CARBORUNDUM.”’ Applying 
““CARBORUNDUM’”’ engineering knowl- 
edge to various industrial problems 
can be a fascinating career. If you are 
interested, please write The 
= 
pe. Carborundum Company, 
oD Niagara Falls, N. Y. 


.\ 





PRODUCTS BY 


Ans ORD OM 


-HELP YOU MAKE 
IN INDUSTRY, Vitae ae ARTs pe CRAFTS. 





(“CARBORUNDUM” and “GLOBAR” are registered trade marks of and indicate manufacture by The Carborundum Company) 
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How Television Gof Ifs Electronic’ Eyes” 


As revolutionary as airplanes without pro- 
pellers—that’s how much electronic tele- 
vision differs from the earlier mechanical 
television! 

Whirling discs and motors required for 
mechanical television were not desirable 
for home receivers. Pictures blurred and 
flickered. 

But now, thanks to RCA research, you 
will enjoy all-electronic television, free from 
mechanical restrictions—“movie-clear” tele- 
vision with the same simplicity of operation 
as your radio receiver. 

Such “let’s make it better” research goes 
into everything produced by RCA. 

At RCA Laboratories, world-famous sci- 
entists and engineers are constantly seeking 
new and better ways of harnessing the un- 
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believable forces of nature . . . for mankind’s 
greater benefit. 

Electronic television is but one example 
of the great forward strides made possible 
by RCA research—opening the way for who 
knows what new miracles? 

When you buy an RCA radio or phono- 
graph or television set or any RCA product, 
you get a great satisfaction... enjoy a 
unique pride of ownership in knowing that 
you possess the finest instrument of its kind 
that science has yet achieved. 


Dr. V. K. Zworykin, Associate 
Research Director and E. W. 
Engstrom, Director of Research at 
RCA Laboratories, examining the 
Iconoscope or television “eye”— 
developed in RCA Laboratories 
for the all-electronic television 
system you'll enjoy tomorrow. 


RADIO CORPORATION of AMERICA 


PIONEERS IN PROGRESS 








Industry's “special : account” with Dow 


It is characteristic of large scale 
chemical operations, such as 
Dow’s, that one thing leads to 
another. Sometimes materials 
emerge from development work 
not specifically sought for in the 
original task. Yet they are the 
logical result of established 
chemical reactions. Their prop- 
erties, of course, are known, but 
their ultimate usefulness to in- 
dustry has not been completely 
charted. 


There are probably as many as 
7,000 of these chemicals and 


chemical compounds that have 
emerged from Dow laboratory 
developments. They are neither 
accidents nor by-products, but 
co-products. They align them- 
selves readily into scientific 
groups—for example, phenolic 
derivatives. From time to time 
these are referred to technicians 
in various manufacturing fields 
who may find among them just 
the needed chemical ingredient 
to put the finishing touch to 
their own work in progress. 


To borrow a banking analogy, 


THE DOW CHEMICAL COMPANY, MIDLAND, MICHIGAN 


New York ¢ Boston e Philadelphia ¢« Washington ¢« Cleveland e¢ Detroit « Chicago 
St. Louis « Houston ¢ San Francisco e Los Angeles ¢ Seattle 


these chemicals are industry’s 
“‘special account”’ with Dow on 
which it can draw so that con- 
structive developments may 
proceed to their successful con- 
clusion. And thus America at 
large has a genuine stake in this 
accumulation of potential assets. 
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FLAME STITCHING COVERALLS FOR 


rosion and other surface damage 
during their long journey to our global 
firing lines. Each shell is encased in a 
metal container—a “coverall” that pre- 
serves the lethal traveler on the long 
trip from arsenal to artillery post. 


Ss need protection against cor- 


Automatic oxyacetylene flame weld- 
ing machines perform the main tailoring 
operation in producing these metal 
shell-containers. Open seam tubes that 


AIR REDUCTION SALES COMPANY 
MAGNOLIA AIRCO GAS PRODUCTS CO. 
NATIONAL CARBIDE- CORPORATION 
PURE CARBONIC, INCORPORATED 

THE OHIO CHEMICAL & MFG. CO. 
WILSON WELDER & METALS CO., INC. 


have been formed from flat metal 
sheets are placed into each of ten 
identical welding machines; two of 
which are shown above. Then at the 
push of a button, all ten torches move 
as one, automatically stitching up the 
open seams. The operation takes only 
a minute ... and the seams are tight 
and permanent. 


This mechanical welding operation— 
developed in wartime by Airco Engi- 
neers—presents interesting opportu- 
nities for postwar manufacturing. it 
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Courtesy Wheeling Stee! Corporation 


ARTILLERY SHELLS 


combines unusual speed with a high de- 
gree of weld uniformity, features that 
make for increased economy and re- 
duced rejects 


For additional information on Airco 
oxyacetylene flame and: electric arc 
processes, write for a free copy of 
the interesting publication “Airco in 
the News”. Address your request to 
Dept. CP, Air Reduction, 60 East 42nd 
Street, New York 17, N.Y. 


*X BUY UNITED STATES WAR BONDS x 


Arr REDUCTION 


60 EAST 42na STREET - 


NEW YORK 17, N. Y. 


OXYGEN, ACETYLENE AND OTHER ATMOSPHERIC GASES * ‘GAS WELDING AND CUTTING APPARATUS * CALCIUM CARBIDE 


ARC WELDING MACHINES AND SUPPLIES * CARBON DIOXIDE © “DRY 
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ROAD BUIL 


Universally used 
and endorsed by 


engineers everywhere 


COPYRIGHT 1945 BY THE TIMKEN ROLLER BEARING CO. 


The leaders in practically all industrial fields, almost 
without exception, use Timken Bearings in the products 
they make — the machines they operate. Such acceptance 
is due to but one fact — Timken Bearings mean depend- 
able performance. Low cost operation and maintenance 
are common denominators to all industry and that is why 
Timken Bearings solving these problems, are a basic and 
integral part of all industry. It is the reason why engi- 
neers, not only in America, but throughout the world, 


recognize the advantages inherent in Timken Bearings. 
To insure the utmost in anti-friction bearing perform- 
ance — first have the application engineered by The 
Timken Roller Bearing Company and then use the 


TRADE-MARK REG. U. &. PAT. OFF. 


Timken Bearing that our experience recommends, : 
TAPERED ROLLER BEARINGS 


THE TIMKEN ROLLER BEARING COMPANY, CANTON 6, OHIO 


Timken Bearings, Timken Alloy Steels and Tubing 
and Timken Removable Rock Bits ALL THERE IS IN BEARINGS 
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HIGH-SPEED PHOTOGRAPHY 


By THEODORE R. YOOS, JR., 2-47 


HOTOGRAPHY, both as an art and a science, has 

advanced tremendously in recent years. It is one 
of the most useful agencies for entertainment, educa- 
tion, and research which man has ever developed. One 
of the most interesting and particularly useful branches 
of modern photography is that which deals with subjects 
moving at high speeds. 

The human eye is a remarkable optical instrument, 
but it has at least one limitation — its inability to see 
rapidly moving objects. It obviously needs some 
accessory which would magnify time as the microscope 
magnifies space. Not until the development of pho- 
tography and the mreneenpe was this feasible, and not 
until the development of stroboscopic photography 
was it achieved. 

The value of the high-speed camera is obvious. 
There are a host of things in this world too fast for the 
human eye to see — a bee in flight is merely a moving 
blur; the breaking of a soap bubble appears to be an 
instantaneous event — so to see what is really happen- 
ing, the speed of the event must be reduced. In the 
engineering world there are high-speed machines with 
their vibrating springs, cams, gears, and other parts. 
The unaided eye tells very little as to why they do or 
do not operate properly, but if they can be made to 
perform slowly, through the medium of the high-speed 
camera, much valuable information can be gained. 

In this sense the high-speed camera is to the me- 
chanical engineer what the oscillograph is to the elec- 
trical engineer. It enables him to see the rapid com- 
plicated motion of his machines and to measure speeds, 
accelerations, deformations, and many other important 
factors. With the permanent record that the high- 
speed camera affords. he can see the event as many 
times as he wishes and measure and plot the relative 
motions of the parts. 

High speed describes single aaaws cameras that 
take exposures shorter than 1/10,000 of a second, and 
motion picture cameras that operate at speeds in excess 
of 300 frames per second (the motion picture camera 
normally operates at about 20 frames per second). 
In the laboratory at the Massachusetts Institute of 
Technology exposures lasting for intervals as small as 
1/1,000, of a second have become commonplace! 

All high-speed cameras utilize continuously moving 
film which does not stop for each exposure. There are 
two types of these continuous high-speed cameras: 
those which use a moving optical system which effec- 
tively stops the image on the film for the duration of 
the exposure, and those which use intermittent illumi- 


High-speed photograph of 
impulse water turbine 
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nation of sufficiently short exposure to accomplish the 
same purpose. The latter method surpasses the former 
in so many ways that stroboscopic, or flash pho- 
tography, is used almost cals today. Pictures 
taken in this manner can be made with standard 
cameras, since the flash of light is substituted for the 
opening and closing of a shutter. 

The camera utilizing a moving optical system works 
on the principle that if the lens and film move at the 
same speed and in the same direction as the object, 
the image and the film will be stationary with respect 
to each other. A metal lens wheel is fitted with forty- 
eight matched lenses and is rotated in front of the mov- 
ing film, successive lenses exposing successive pictures. 
This wheel is geared to the drive sprockets so that the 
image is at all times stationary with respect to the film, 
regardless of the speed of the camera. Because of the 
high film velocity, the use of a friction guide would 
cause the film to catch fire. In practice the film is led 
through a flat tube, being held in the center, away 
from the sides, by the layer of air which adheres to the 
side of the film travelling at high velocity. 

Professor Edgerton, of the Electrical Engineering 
Department at the Institute, and his associates, 
Messrs. Germeshausen and Grier, have designed 
stroboscopic lighting equipment for giving either a 
single flash for taking a single “still” picture, or a 
series of flashes with a predetermined interval of time 
between them for taking a single multiple-exposure 
poor and motion pictures. The light is produced 

y the discharge of a high capacity condensor through a 
lamp filled with a substance such as argon or mercury 
vapor. It can be controlled very accurately in respect 
- a time between flashes and the moment of the 

ash. 

An important quality of the flashing light is its 
high actinic intensity. The instantaneous intensity 
of each flash exceeds the light of 40,000 50-watt bulbs 
such as are used in ordinary household lighting. The 
intense light requires only small apertures, and thus, 
almost any ordinary camera may be used. 

Stroboscopic photography first evidenced itself as 
the so-called “spark” photography. This method, the 
light for which was furnished by a spark discharged in a 
darkened room, was perfected particularly for photo- 
graphing bullets in sltpcisite. One advantage of the 
silhouette spark picture is that it shows the sound waves 
produced by the bullets —a result of the varying 
refractive index of the air which is caused by its varying 
density. 

The stroboscope itself was invented independently 
by two men, Plateau of Ghent and Stampfer of Vienna. 


(Continued on page 244) 
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FLYING WINDMILLS 





By JOHN W. WEIL, 10-47 


“Ww OOK OUT!” 

The weird-looking plane overshot its landing 
ramp and seemed about to crash in the field beyond. 
But Les Morris, test pilot for Igor Sikorsky’s newest 
brainchild, was only foiiee a little private fun. He 
stopped the helicopter in mid-air, backed it up, and 
set it down exactly on the assigned landing spot. 

Controlled flight in any direction has long been 
one of mankind’s most cherished dreams. Ever since 
ancient times men have schemed and figured at methods 
to make such a thing come true. Perhaps the first man 
to work seriously on the problem was Leonardo Da 
Vinci, who designed a machine that would acrew itself 
into the air. Not long afterwards, a toy arrived from 
China which was actually the first helicopter to fly. 
It consisted simply of two revolving feather fans 
motivated by a bowstring arrangement. This “Chinese 
top” intrigued thinkers and brought about many of 
the early experiments in vertical flight. Many ideas 
were attempted, but only a few stand out as making any 
real contribution towards success. Louis Breguet, later 
a famous builder of bombing planes in the first World 
War, was the first to make a sheet lift both itself 
and its pilot off the ground. An obscure Russian 
inventor, Igor Sikorsky, in 1910 built a helicopter 
that would kif itself, but he gave up the idea because 


Used as an experimental 
Was even sent to Alaska 
New York Daily News Photo 


The Sikorsky YR-4. 
machine for the Army. 
for tests. 





of interests developed along other lines. In 1922 the 
United States Army evolved a sudden and short-lived 
interest in the De Botherat helicopter, a large ungainl 
contraption that barely managed to get off the con | 
The next big step forward came from the Continent, 
where Pescara, a Spaniard, flew his tiny, multi-rotor 
machine a distance of one-quarter of a mile. Louis 
Breguet, still at it, constructed a machine that reached 
five hundred feet in altitude and stayed up for forty- 
five minutes, even attaining a speed of fifty miles per 
hour. However, his machine proved to be generally 
uncontrollable. Suddenly, from Germany, the news 
came. The Focke-Achgelis Company had succeeded in 
achieving controlled vertical flight, even to the extent 
of flying their machine indoors at the Deutschlandhalle 
in Berlin. Simultaneously, from England, came news 
of the Weir helicopter which was also successful. 
However, both of these projects were dropped due 
to the advent of the war. In 1940 the final achievement 
came — a practical helicopter. Strangely enough, it 
came from that inventor who, in 1910, had given up 
the helicopter — Igor Sikorsky. 

The original Sikorsky machine, known officially 
as the VS-300, went through three successful con- 
figurations. The first, and most elaborate, had one 


Rotor mechanism of the YR-4. Control may be 
traced through the star-shaped face-cam, up through 
the control rods and back down to the blade horns. 

Aeroplane 
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Aeroplane 


Tail rotor of the YR-5 blade pitch is changed by 
means of cables running to a pulley on the back end 
of the axle. 


main lift rotor and three smaller control rotors in the 
tail of the machine, two horizontal and one vertical. 
The first successful step towards simplification was 
brought about by removing one of the horizontal 
rotors and altering the position of the remaining two 
control rotors. Finally, it was decided that the best 
arrangement was to have the control entirely in the 
main lifting rotor with only one small vertical rotor 
in the tail to act as rudder and torque compensator. 
It is in this form that all the succeeding machines 
have been built. 

On the heels of the Sikorsky machine came many 
other practical types, some along the same line and 
others totally different. The Higgins and Bell Aircraft 
companies have brought out models with a similar 
rotor arrangement to Sikorsky’s, while Henry J. Kaiser 
has shown great interest in a machine with two main 
rotors, one above the other and revolving in opposite 
directions, which was invented by a nineteen-year-old 
ioe named Hiller. Although it was actually the first 

elicopter to be accepted by the Army Air Corps, the 
Platt-Lepage XR-1 had teething troubles and lost out 
as the first machine to fly successfully. It had two 
large three-bladed rotors mounted on streamlined 
pylons, projecting almost horizontally from the bod 
of the plane, and conventional tail units for control. 
Not too much is known about the XR-1. There have 
been many other machines, too numerous to mention. 
Only two types will be dealt with here at length, the 
Sikorsky and Bell machines, typifying the majority of 
the various types. 

The helicopter itself is a unique machine. It contains 
many features that are new and hitherto untried along 
with many very well known and time tested ideas. 
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Motive power in the machine is supplied by any one 
of a number of normal, internal combustion engines. 
Sikorsky’s R-5, giant of the family, is powered by a 
Pratt and Whitney four hundred and fifty horsepower 
radial engine, mounted flat with the crankshaft vertical. 
The Bell: helicopter makes use of the new Franklin 
vertical helicopter engine which has six cylinders 
mounted three on a side, in line vertically. Here, again, 
the crankshaft points straight up. 

The body of the helicopter, in the experimental 
models, consists of aluminum alloy tubing covered 
with fabric. This system gives the machine great 
strength but is too slow and expensive for production. 
Standard models are usually of stamped or pressed 
metal or plywood, with the entire tail cone made out 
of one piece of alloy. The tendency on most modern 
craft is to have the cockpit entirely enclosed, with an 
all plexiglass nose for unimpaired visibility. Such craft 
are coadoraiia and practical while, at the same time, 
they are easy to manufacture. At the present time, 
production costs are many times what they will have 
to be in order to allow the average man to own one of 
the fabulous machines, but the future shows promise of 
new designs and methods which will substantially 
lower the price. 

The landing gear on most designs is conventional, 
with the majority of the machines carrying standard 
three wheeled gear. One real innovation has come forth 
in the amphibious gear on the Sikorsky machines. 
The gear consists simply of two long, rubberized canvas 
balloons, one on each side. By only partially inflating 
these bags they remain soft enough to alight safely on 
land and yet buoyant enough to keep the machine afloat 
on water. Thus the pilot need not bye particular where 
he sets his craft down. Once down, however, the 
canvas gear makes the machine hard to handle, as the 
bags do not roll or slide with ease. Therefore, most of 
the current models carry standard wheeled gear. 

The biggest jolt coming to the layman first coming 
in contact with a helicopter is the controls. Contrary 
to much propaganda spread around about simplicity, 
the helicopter is extremely difficult to fly until the 
pilot is thoroughly familiar with the craft. Take, for 
example, the control system on any one of the Sikorsky 
or Bell machines. Flying one of the machines requires 
the simultaneous coérdination of five separate controls, 
two foot pedals, two large land levers, and a throttle 
located on one of the sticks. The two pedals control 
the tail rotor, one increasing and one decreasing the 
pitch of the blades. The main stick, as in an ordinary 
airplane, is between the knees of the pilot and controls 
the motion of the ship horizontally, while the second 
stick, located to the left of the pilot’s seat in a hori- 
zontal position, controls the vertical flight. The throttle 
is located, motorcycle style, on the handle of this last 
stick. Just to get the ship off the ground you have to 
start the engine, let in the clutch, lift up on the collective 
pitch handle with your left hand — at the same time 
(Continued on page 245) 


i W. Carls 
The Bell helicopter flown by Floyd Py tamer 





































































PORTABLE CAMOUFLAGE 


By DONALD DeWITT, 2-47 


POWERFUL offensive weapon and at the same 
time a mighty protective armor — these two all- 
important properties make smoke an essential part of 
modern warfare. It has been found since the beginning 
of warfare that in order to execute successfully a sur- 
prise attack, it is necessary to use some sort of cam- 
ouflage. Smoke is a portable camouflage. 

During the first World War, in the battles of the 
Somme, Ypres, and Champagne, successful smoke 
screens were used a3 offensive weapons. It was found 
that a smoke screen, laid down preceding an infantry 
or tank attack, tremendously aided the attackers by 
confusing and blinding the enemy. 

Until very recently however, the smoke screen was 
thought of only as an offensive weapon. If it could 
be used so successfully in the attack, why could it not 
be used equally as well as a defensive weapon? It could 
be used to cover a retreat, and to slow up an attacking 
army. 

Of course the most important use of smoke in this 

resent war is as a defensive weapon. It is one of the 
lion protections against air attack which has yet been 
discovered, a statement which has been proved many 
times already. 

The most vivid example in this war of the use of 
smoke in defense was in the attack of the RAF on 
the German cruisers Scharnhorst and Gneisenau in the 
harbor of Brest. Although the British again and again 
attempted to bomb these ships trapped in the harbor, 
the cruisers escaped. The main reason for this was the 
fact that the Germans used a protective smoke screen 






which thwarted the bombardiers’ aim. This screen is 
now antiquated in comparison with America’s newest 
developments for the purpose. 

Relero Pearl Harbor the Army began to develop 
new methods of smoke projection. The method of 
smoke manufacture used before the war was the partial 
burning and distillation of low grade fuel oils in gen- 
erators similar to the smudge pots used by fruit grow- 
ers for the protection of their crops from frost. This 
method was fairly effective in obliterating from view a 
small area. However, this method is costly in both 
time and materials. These pots have to be serviced 
about every hour. The smoke is dense near the ground 
and greatly irritates the men who service them, and 
hampers their work. 

There are, however, three chief methods of pro- 
ducing smoke on the field. One, the method just dis- 
cussed, is by burning a smoke producing fuel. The sec- 
ond is by exploding a smoke shell, one containing 
smoke-producing material. The third, and most widel 
used today, is by spraying smoke -producing chemicals 
in the air. This third method was deemed the most 
feasible by many exp>rts before the war, and the Chem- 
ical Warfare Service set to work developing and pro- 
viding chemicals and devices for their reaction. 

At that time there was no method of smoke pro- 
jection capable of producing the large area daytime 
coverage which was necessary. This problem was put 
to the National Defense Research Committee, headed 
by Dr. James B. Conant of Harvard. This organization 
immediately set some of its best scientists to work to 

_. _—m_«~2d/1, develop a machine capable of 
‘5 ~~ producing the specified vol- 
> ume of smoke. One of these 
scientists was Dr. Irving Lang- 
muir of the General Electric 
Company in Schenectady, 
N. Y. He and his assistant, 
Mr. Vincent Schaefer, were at 
that time busy working on a 
new type of gas mask. They 
did, however, temporarily stop 








Dr. Irving Langmuir with first 
of present series of smoke gen- 
erators. It was developed by 
General Electric through the 
National Research Council for 
the Chemical Warfare Service. 

General Electric Company 
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this work in order to work on the smoke generator so 
urgently needed by the Chemical Warfare Service. 

Their first development was the ideal size smoke 

article. This was necessary so that the smoke would 
be dense and would cover the necessary area. Dr. 
Langmuir found that by spraying steam in with the 
smoke it was possible to vary the size of the smoke 
particle. It was also necessary to find the ideal density 
and color. When these were finally decided, Mr. 
Schaefer built a large smoke generator on the roof of 
the General Electric Company and conducted tests. 
For weeks, smoke pouring from this box covered the 
entire country side, until the correct size, density, color 
and technique were developed. He finally found the 
most useful type. It was best for obscuring different 
sizes and shapes at various altitudes. The ideal smoke 
particle was a minute liquid globule filled with dense 
smoke. 

Then the National Defense Committee brought in 
the Standard Oil Development Company’s production 
engineers to design and build a unit for manufacturing 
and dispersing the Langmuir-Schaefer type of smoke 
screen in quantity. 

The original unit, as are all its successors today, was 
a complicated, odd-looking device, somewhat resembling 
a horse-drawn fire truck without the horse. On the 
back of the M-l smoke generator are three cubical 
boxes joined together to look like one big box. These 
contain all the smoke producing chemicals for long- 
time operation. The main part is“a large, upright, 
cylindrical boiler which is the fire box where combus- 
tion and production of smoke take place. Protruding 
from the tup of the boiler in a horizontal direction are 
a number of vents from which the smoke is projected. 
These jets can be closed independently in order to 
change the direction of the smoke flow without moving 
the generator. The generator can be moved quite 
easily though when it is necessary, as it is mounted on 
a four-wheel trailer. 

The designers affectionately called their new devel- 
opment “Junior.” This was at once a military code 
word but it has lost its military meaning now. On 
June 2, 1942, they took “Junior” to the Schoharie 
Valley, a few miles from Schenectady. Here on a sunny 
windless day, before an assembled gathering of Cana- 
dian and American army and naval officers and officials, 
the generator was set into oper- 
ation. All of these clhens 
knew what they were looking 
for, and they saw it. The 
smoke from this one generator 
formed a dense cloud over 
many miles of farmland. This 
dense material billowed from 
the ten lips of “Junior’s” boiler 
and made the surrounding 
countryside unobservable from 
the air. The officials looking 
on imagined, and their imagi- 
nation is now reality, that a 
battery of these generators 
would be capable of obliterat- 
ing an entire industrial area 
from view. 

This contraption was then 
taken to the Edgewood arsenal 


Smoke in upstate New York 
valley produced in a few min- 
utes by smoke generator be- 
ing tested for Chemical War- 


fare Service. 
General Electric Company 
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near Baltimore, Maryland, where continued tests were 
made. It was found that one could walk through a 
screen produced by “Junior” without the discomfort 
that was caused by the old smudge pots. Clothes were 
not soiled, and it was found that officers could continue 
their work within a smoke screen. It was also found 
that this screen was a great deal more lasting than was 
the former type. Jn later tests it was found that the 
screen would stay together for at least twenty miles 
with the wind, and that it would obscure from view 
at least half that distance. 

Soon contracts were let for these M-1 smoke gen- 
erators, and “Junior” was taken to Cape Cod, Massa- 
chusetts, for amphibious tests. A great deal of shore 
line was blacked-out from the air, and naval operations 
going on beneath continued with little difficulty. In 

ovember, 1942, when United States forces made their 
landings in North Africa, they were accompanied by 
the newly formed smoke troops, who proved their 
worth on foreign soil. Later it was made known that 
the Army had successfully screened from air view the 
Panama Canal, and that it was now possible to repeat 
this operation at any time. 

The M-1 smoke generator and all its successors, 
however, were developed for defensive tactics to pre- 
vent precision bombing and aerial photography. Is 
smoke used in offensive warfare as it was in World 
War I? The answer is emphatically yes! Smoke is used 
in tremendous quantities to blind, burn, and confuse 
a defensive force. 

There are two kinds of smokes used, solid and liquid 
smoke. These are spread on the battlefield by explod- 
ing smoke producing shells. Typical of the solid smoke 
type is WE, white phosphorus, which, when exposed 
to air, will combust and produce a thick white smoke. 


4P+30, — 2P,0; 


The phosphorous trioxide, aside from forming a dense 
smoke, is extremely poisonous and an excellent casu- 
alty producer. Even if it is not breathed, contact with 
it causes a bad skin burn. 

Another of the solid smokes is HC, which is a mix- 
ture of hexachlorethane and zinc with small amounts of 
chemicals added to facilitate combustion. The zinc 


(Continued on page 250) 





























































Army Air Forces mechanics are shown here working 
on a powerful G-E Turbo Jet engine at Wright Field, 
headquarters of the Air Technical Service Com- 
mand. Only eleven bolts hold these simple but power- 
ful engines for propellerless AAF planes in place. 
The jet crew chief in the foreground reported that 
far less time and work is needed for maintenance of 
a jet engine than of a conventional reciprocating 
motor. This jet engine, which is on a Bell P-59A 
training plane, is of the type that first was developed 


in the United States by General Electric Company. 
General Electric Company 
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LEARN TO THINK 


Whenever a race reached a certain stage of civiliza- 
tion education began to appear among its foremost 
members, and as the culture spread to the masses, edu- 
cation in one form or another became widespread also. 
The primary purpose of this education was to pass on 
to each generation the knowledge that the preceding 
generations had acquired by experience and investiga- 
tion, and it served this purpose fairly satisfactorily. 
However, as the cultural level was raised still higher 
and as the number of people who did not have to de- 
pend on physical labor for their livelihood increased, 
philosophers began to question the purpose and meth- 
ods of education. Moreover, the amount of knowledge 
that had been accumulated in the course of centuries 
became so vast that it became quite evident that no 
person could ever hope to learn everything there was 
to be learned in even one specialized field. 

As a direct result of these developments a change had 
to be made in the educational methods and new the- 
ories had to be put into practice. Consequently the 
past century has seen a continuous evolution in our 
educational system, and this process of change is still 
being carried on; for as yet no theory has been found 
which has proved completely satisfactory. However, a 
number of fundamental criteria have been established. 
It has been agreed that the basis for any educational 
system in the lower grades should be the teaching of a 
number of selected topics which will be most useful to 
the greatest number of students later on. Then in the 
higher grades these topics should be elaborated upon, 
and finally in college one special field should be selected 
in which the student should be brought into contact 
with as much material as is practicable. The argu- 
ments in the field of education do not concern the 
above mentioned contentions, but only the best method 
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Advertising Representative 


LittELL Murray BarRnuit., Inc, 
101 Park Avenue, New York 
605 North Michigan Avenue, Chicago 


of fulfilling the agreed purpose and achieving the 
desired result. 

Apparently the prevailing tendency in America 
today is toward cramming the maximum number of 
facts into students and hoping that they will somehow 
correlate them in their minds and remember at least a 
small fraction of them. Many authorities do not con- 
sider this method to be the best, believing that, though 
a background of fundamental facts is absolutely neces- 
sary, a certain part of the education should be devoted 
not to pounding knowledge into students but to teach- 
ing them how te think independently and creatively. 
This phase of education has been overlooked to a great 
extent, and as a result learning has come to be almost 
synonymous in many cases with memorizing. Natu- 
rally there are always a number of people who are so 
gifted that, even though they have never been taught 
to think, they are capable of doing so by themselves 
without instruction, and these people are generally the 
ones who are what we call “a success” and who con- 
tribute most to the advancement of civilization. But 
for the majority education in thinking is very important. 
The specialized facts that we need are to be found in 
any number of books whenever we need them, but a 
thorough understanding of these facts can only be had 
by a person who is capable of independent thought. 
Therefore mankind would greatly benefit if a part of the 
effort that is being devoted to instilling facts into the 
minds of students were diverted to teaching them to 
think intelligently. It has been said that the purpose 
of college is to teach students where to find the facts 
they need and how to utilize them. This statement 
should be extended to include instruction in thinking 
and not only in using but also in fully understanding 
the facts. 


L. F. H. 
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This laboratory, ready to move anywhere on 
short notice, runs down “crimes” against good 
telephone service. Finding these threats is one 
of the many jobs of the Bell Telephone Lab- 
oratories’ scientists. The “criminals” are such 
things as threads of lint, traces of acids, or 
sulphur compounds in the air—any of which 
might damage telephone equipment. 

In their interesting war work, Bell Labora- 


BELL TELEPHONE SYSTEM 


TRACKING DOWN TROUBLE 





tories’ scientists have been on a new kind of 
hunt. They have tracked down different ma- 
terials for those hard to get, found others that 
would serve in special conditions, and have 
detected in captured equipment the kinds of 
material the enemy uses. 

These are some examples among many of 
the ways Bell System research is helping to 


serve America at war. 





**Service to the Nation in Peace and War” 
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ROEBLING MADE 
WIRE ROPE ? 





















SURE, AND 
ELECTRICAL WIRES 
AND CABLES , WOVEN 
WIRE SCREEN, STRIP 
STEEL AND FLAT, 
ROUND AND SHAPED 
WIRE , TOO! 
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Roebling produces every major type of wire and wire product... toaster 

cord to telephone cable... bridge cable to wire rope... fine filter cloth to 

heavy grading screen...strip steel and flat wire to round and shaped wire... 

all Roebling products. All the result of over 100 years of wire specialization. 
John A. Roebling’s Sons Company, Trenton 2, N. J, 


ROEBLING 


IN WIRE PRODUCTS 





PACEMAKER 


" WIRE ROPE AND STRAND * FITTINGS * SLINGS * SUSPENSION BRIDGES AND CABLES 
COLD ROLLED STRIP * HIGH AND LOW CARBON ACID AND BASIC OPEN HEARTH STEELS 
AIRCORD, SWAGED TERMINALS AND ASSEMBLIES * AERIAL WIRE ROPE SYSTEMS * ROUND 
AND SHAPED WIRE ¢ ELECTRICAL WIRES AND CABLES * WIRE CLOTH AND NETTING 


















































@ How does an engineering student eventually 
become vice president or head of a company? 
What—over and above his technical education 
—must he know to qualify as a top executive? 


The answer is: a basic understanding of prac- 
tical business principles and methods. 


It is this PLUS knowledge that enables him to 
see beyond the specialized activities of one de- 
partment—to grasp the importance of Market- 
ing, Finance and Accounting as well as Pro- 
duction. 


Fundamentals Needed 


The Alexander Hamilton Institute’s Modern 
Business Course and Service provides a thor- 
ough groundwork in the fundamentals under- 
lying a// business and industry. With the help 
of this intensive training, an alert man can 
accomplish more in months than he could, 
ordinarily, in years! 


Many Technical Subscribers 


There is a scientific quality about the Institute’s 
Course and Service that appeals to technically- 
trained men. That is why there are so many 
prominent members of the engineering pro- 
fession among the more than 400,000 sub- 
scribers. They include: J. W. Assel, Chief En- 
gineer, Timken Steel & Tube Co.; Lewis Bates, 
Plant Mgr., E. I. du Pont de Nemours & Co.; 
Lewis P. Kalb, Vice President, Chg. Eng. & 
Mfg., Continental Motors Corporation; H. W. 
Steinkraus, President, Bridgeport Brass Co. 

Institute training fills the gap in ordinary 
technical education, and provides access to the 
thinking and experience of many famed indus- 
trialists. It is basic, broad in scope and fits into 
a busy schedule. 


Prominent Contributors 


Among the prominent men who have contrib- 
uted to the Course and Service are: Thomas 
J. Watson, President, International Business 
Machines Corp.; Frederick W. Pickard, Vice 
President and Director, E. I. du Pont de Ne- 
mours & Co.; Clifton Slusser, Vice President, 
Goodyear Tire & Rubber Co. 


SEND FOR The kpaciuee’s pro- 
gram is factually ex- 

FORGING AHEAD plained in the fast. 
reading pages of its 

IN BUSINESS famous 64-page book, 
— FREE! “Forging Ahead in 
Business.” There is no 
charge for this book- 
let; no obligation in- 
volved. Simply fill in 
the coupon below, 
and your FREE copy 
will be mailed to you 


promptly. 


Alexander Hamilton Institute 


Alexander Hamilton Institute 

Dept. 283, 71 West 23rd St., New York 10. N. Y: 
In Canada: 54 Wellington St., W., Toronto 1, Ont. 
Please mail me, without cost, a ca 4 of the 64-page 
book—“FORGING AHEAD IN BUSINESS..’ 


Name ...cccccccccccccccccscccccvccccccccecesens 





Firm Name ......e.- ccccdececodedneeeseesooucees 
Business Address. eecccccesececeseseseceseseeee® 
PORHORs «03 ccceses veda sbeseseeeheesenckeoseeeus 


Home Address ...ccccccccccccccccccccccccceccs e 
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FROM FLOOR SWEEPERS TO 
MINE SWEEPERS is a long jump. Yet a 


kinship exists. For on both there is mechanical motion— 
swiftly turning wheels that move smoothly and quietly on 


anti-friction bearings, each designed for a specific task. 


Different loads. speeds and other factors require bearings 
of different kinds. That’s why S|}£S" makes both ball 
and roller bearings—for the smallest appliances up to the 
powerful equipment used in war production and on our 
mighty ships and fighting machines. It is because of war- 
time needs that you may have been unable to get all the 


SHES bearings you need. 
Some dav — fairly soon, we hope—SDESF and its distrib- 


utors will again be able to offer you prompt service on its 
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There are hundreds of 
. bearings in a mine sweeper 


complete line. SSCS{ makes practically all types of anti- 
friction bearings. Therefore, when SXLS/P recommends a 
particular type of bearing. you may be sure that its rec- 


ommendations are unbiased — 


the right bearing in the right place. 


BALL AND ROLLER 
BEARINGS 





SKF INDUSTRIES, INC.. PHILA., PA. 6002 

























industries — different methods, techniques and processes; new conveniences 
being dreamed up today for tomorrow's comforts. Then as now, steam will 
continue to be the leading power on land, on sea, and on the rails — helping 


to build a better world—to set new standards of living—to provide livelihoods. 


With today’s accelerated experience added to its long leadership in design- 





85 LIBERTY STREET 


G-293 


WEATHERING HEIGHTS 
CEILOMETER AND RADIO SONDE 


The elements are in for some startling competition 
when the weather-predicting and combating devices 
now used by the military are released to the public. 
Rain, snow and sleet will fall on cities prepared for the 
worst; ships will navigate in the densest fog; planes will 
fly safely through clouds that load them with ice (thanks 
in good measure to the General Electric Research 
Laboratory’s experiments in cold weather research). 


Glancing into the sky now is an eye many times 
larger than the human one, although constructed on 
the same principles. This is part of a device called the 
ceilometer which, by measuring the angle of light 
reflected from the clouds, enables engineers to get sky- 
information they never before had access to. And with 
data on the heights and range of cloud banks, they are 
able to construct three-dimensional weather maps. 


Contributing considerably to this new era of weather 
predicting is another device for getting information 
from above the clouds — the radio sonde. The prin- 
ciples upon which the sonde operates cannot be divulged, 
but the regulation ones used by the Signal Corps and 
Weather Bureau (now going full tilt to turn out key 
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with new problems for power engineers. Many signs point to new post-war 


ing, building, and applying fuel burning and steam-generating 
equipment, the vast Babcock & Wilcox organization will be better 


fitted than ever to serve you, the power engineers of the future. 


BABCOCK & WILCOX 


THE BABCOCK & WILCOX COMPANY 
NEW YORK 6, N. Y. 
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military information) operate this way: A radio trans- 
mitter and instruments for measuring temperature, 
humidity and air pressure are sent up in a balloon to 
fifty or seventy thousand feet. During its rise, at reg- 
ular intervals the radio transmits instrument readings 
back to earth. 


On the basis of these and other devices still cen- 
sored, weather predicting can be done more accurately 
and further in advance than ever was hoped for prior 
to the war. Particularly for aerial warfare, this has 
assumed real importance. One of the advantages held 
by the RAF over the Luftwaffe is the fact that weather 
moves eastward and England knows what Germany’s 
weather will be before it gets there. 


Similarly, the weather will be an important factor 
in commercial postwar aviation. Business uses of 
weather information are becoming so important finan- 
cially that many companies are hiring their own weather 
observers. Among the diverse organizations using 
weather predictions for profit are G. E., which uses 
air pressure data in turbine tests; a roofing company 
that kept track of a hurricane in Texas and rushed roofs 
where they would be needed; and an engineering com- 
pany which held a demonstration of a smoke-generator 
in a valley where air currents showed it to best 
advantage. 
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It’s a fright of a bite now—but it can build you up for 
a grand postwar job in the aviation industry 
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Our 350 Page 
Electrical Engineering 


__— Data Book 





This most comprehensive book on wires, cables, bus 
systems, conduits and surface raceways and their 
fittings is yours for the writing. Informative and 
instructive, you will find it very helpful in your work. 


National Electric 
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HIGH-SPEED PHOTOGRAPHY 
(Continued from page 231) 


Both had become interested in the topic because of 
certain investigations by Faraday. Though Stampfer 
was a month behind Plateau in announcing the inven- 
tion, the name “stroboscope,” meaning ‘‘whirling 
watcher,” which he gave to the device, has persisted. 
The development of stroboscopic photography 


High-speed X-ray photograph of a bullet in flight. 
Lines progressing from nose and tail are sound 
waves, visible because of the difference of index of 
Notice the 


refraction of air due to compression. 
turbulent trail. 








A drop of water after falling 24 feet. This photograph 
shows the form taken by the drop. Exposure 
1/100,000th of a second 


consisted not only of putting a camera and stroboscope 
together, but of developing a unique strobosco 
which can be accurately controlled and timed in ale 
that the light can be supplied when desired. 

Much of the success of the pictures taken by 
Dr. Edgerton can be attributed to the methods of 
timing the flash that exposes the film. The control 
of starting time has been accomplished in numerous 
ways, such as an electrical contact actuated by the 
object, sound impulses picked up by a microphone, 
or the interruption of the light beam of a photo-electric 
cell. 

The principal limitation of this stroboscopic type of 
high-speed photography is its inability to record self- 
luminous objects. The study of incandescent gases, 
the burning of materials, the timing of photo-flash 
lamps, the action of molten metal, and the like are not 
in the range of its usefulness. For this work, however, 
the other type of cameras utilizing a moving optical 
system is gerd useful, especially since the light 
intensity from such objects is high, giving a distinct 
exposure in spite of the short time which the film is 
exposed. 

Both types of cameras require a certain amount of 
illumination, depending upon the type of subject, the 
speed of the camera, the area covered, and a number of 
other factors. The stroboscopic type requires about 
ten kilowatts of power to cover an area one foot square 
at a speed of twelve hundred pictures a second. The 
entire equipment is portable es can be used only 
when there is a three-phase power supply capable of 
delivering this amount of power. . 

High-speed photography has thus opened new vistas 
into which the se eye was not formerly capable of 
seeing. It has made possible the observation of motion 
of animals, insects, projectiles, sports, drops, and 
splashes, and it has proved invaluable as an aid to 
science and industry. 
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FLYING WINDMILLS 
(Continued from page 233) 


twisting to give more throttle to 
the engine — and apply a little 
left rudder to compensate for the 
increased torque. Once you are up, 
to go forward, you ease the main 
control handle forward with your 
right hand, increase the throttle a 
little, give a bit more left rudder, 
and raise the vertical-flight lever a 
bit. That, mind you, is only if 
you are in still air. It is all very easy 
—if you happen to be a well- 
cocrdinated octopus. The worst 
thing about the whole system in 
general is that it tends to be over- 
delicate. Because of this it takes a 
skillful hand to fly the machine with 
proficiency. 

However much talk there may 
be about the other parts of a heli- 
copter, its real heart is in the rotor 
hub. There is the mechanism that 
permits the machine to go through 
all its antics. Although this ma- 
chinery looks extremely complicated 
at first glance, if broken down into 
several units, it really is amazingly 
simple. 

he principle behind the heli- 
copter’s flight is the old parallelo- 
gram of forces. When the ship is 
stationary, the plane of revolution 
of the rotor is horizontal and simply 
lifts up. However, when the craft 
is moving, the rotor’s plane is 
inclined in the direction of move- 
ment, thus giving two components, 
a large vertical force and a rela- 
tively small horizontal one. It is 
upon this small horizontal com- 
ponent that the entire lateral con- 
trollability of the helicopter de- 
pends. ‘Yo go forward, the main 
rotor is tipped forward, thus de- 
veloping a small forward component 
in the overall force acting on the 
machine. This force drags the 
machine forward. By tipping the 
rotor still further, the component 
is increased and hence the forward 
velocity is increased. As long as 
the helicopter is to remain at the 
same altitude, the vertical com- 
nent must remain the same, there- 
ore the increase in throttle when 
forward motion is started. To 
climb, the pitch of the blades in the 
main rotor is increased, and some 
more fase is supplied to the engine. 
To descend, the rotor pitch is 
decreased and the throttle is par- 
tially closed. That about covers 
the principles behind the operation 
of the helicopter. But it is the 
“why” behind the principles that 
counts. How is this tilting of the 
rotor brought about? Behind that 
simple question lies the whole secret 
of the helicopter. In all successful 
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What does the hardest metal 


made by man mean to you? 





IT STARTS AS A MIXTURE of simple 

metallic powders. Under heat and pres- 
sure, it becomes the hardest metal made by 
man ... Carboloy Cemented Carbide. Its 
uses are endless. In tools, dies and wear- 
proofed parts, it is performing wartime 
miracles of high production at low cost. 





AS A DIE! “In making tubing for 

tanks,” says the chief engineer of a 
great tubing plant, “Carboloy drawing dies 
have produced an almost unbelievable num- 
ber of times the footage of any other type.” 
In sheet metal forming also, this miracle 
metal is pointing the way to unprecedented 
savings in production costs. 








+ on " . 
y] AS A TOOL! Official records show 
“production of crankcases and gears 


for aircraft engines was tripled, with the 
same equipment and manpower, by the 
use of carbide tools.” And no wonder! For 
they work at speeds and to close tolerances 
formerly impossible in mass production. 





AS A WEAR RESISTANT METAL! The 

use of Carboloy platés to insure uni- 
form hardening made possible the success- 
ful manufacture of the extra thin razor 
blades so many men prefer. Carboloy inserts 
step up the life of inspection gages, valves 
and machine parts such as cams and bush- 
ings as much as 100 times. 


An industrial weapon for war and peace 


IGGER output through high- 
speed operation! Better prod- 
ucts through high precision! Lower 
cost through man and machine 
hours saved! 
That’s the story of Carboloy 
Cemented Carbide — whether for 


speeding up present war produc- 
tion, or for a competitive edge in 
the postwar “battle of costs.” 

And remember—the history of 
Carboloy has been one of steady 
price reduction. We believe this 
price story will interest you. 


CARBOLOY COMPANY, INC., DETROIT 32, MICHIGAN 


CARBOLO 


TRADE MARK 


CEMENTED CARBIDE 





























































° I, 
Ohonites general catalog on wires 


and cables contains information on conductors 
and coverings, materials and fabrications, and 
a selector chart. Engineering students may ob- 
tain a free copy of this booklet by writing for 
Bulletin OK-1011. The Okonite Company, 
Passaic, New Jersey. 
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machines to date, the answer may be summed up in 
two words — cyclic pitch. 
Cyclic pitch is a hard thing to comprehend. For 
Egperes of illustration, let us consider an imaginary 
elicopter rotor having only one blade. If, as the blade 
revolves, we increase the pitch, or angle of attack, of 
the blade, more lift is divclogad. If that pitch remains 
constant throughout one whole revolution of the blade, 
the lift is universal and the pitch is referred to as 
collective pitch in the case of a helicopter. However, if 
we change the pitch of the blade during its revolution, 
so that the ped of attack is greatest when the blade is 
forward, let us say, and least when the blade is to the 


Bell helicopter. Main rotor: (A) main retor blades; 
(B) hub is a gimballed universal joint; (C) underside 
of hub; (D) weight; (E) stabilizing bar; (F) feathering 
controls pass through linkage in stabilizing bar; 
(G) link to blade horn for pitch control. 
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rear, then the lift will be unevenly distributed. The 
majority of the lift is then concentrated in the forward 
part of the blade’s revolution. Therefore the blade 
tends to lift up more when it is in this position. Because 
of this, the plane of the blade’s rotation tilts upward 
at the front and, consequently, downward at the rear. 
This pitch change during each revolution of the blade 
is called cyclic pitch. To tilt the rotor to the right, the 
angle of attack is increased in the blade whenever it 
comes to the left, causing more lift on that side and 
lifting that edge of the plane of rotation. In the case 
of a three-bladed rotor, cyclic pitch applies to each 
blade individually. As in the above case, to tilt the 
rotor to the right, when each blade comes to the left 
its pitch is increased. As it continues in its rotation 
towards the right, the pitch is decreased. Thus a 
greater amount of lift is concentrated on the left, and 
the plane of the rotor tilts to the right. 

he mechanism which brings all this about is the 
secret behind the operation of any helicopter. We 
shall examine the rotor hub of the Sikorsky machine 
first, as it is the design upon which most of the others 
are based. 

There are three blades on the Sikorsky rotor. Each 
one has a control horn projecting out and back from 
one side, towards the hub. To this horn is connected 
a push-pull rod which goes up to the top of the hub 
where it is connected to the center of a short lever, 
which is pivoted at its inner end. To the outer end of 
the lever is connected another push-pull rod which 
projects downward past the blades to a large three- 
pointed star-shaped plate. All of this mechanism rotates 
with the main shaft, upon which it rests. Directly 
below the star-shaped plate is another part which has 
only two projecting arms at right angles to one another. 
This part does not rotate and acts as a face cam. Con- 
nected to the right angle arms of this face cam are the 
linkage rods from the control sticks. If the face cam is 
tilted toward the left, it tilts the star-shaped plate in 
the same direction, causing the pitch of the corre- 
sponding blades to change. As the rotor rotates, the 
face cam remains stationary while the star-shaped 
plate rotates upon it. Thus when the face cam is tilted, 
(Continued on page 248) 


Bell helicopter. (A) Push-pull rods govern blade pitch; 
(B) cyclic pitch control levers; (C) collective pitch 
control; (D) outer mast raised and lowered at this 
point; (E) transmission cover; (F) tachometer; (G) 
cam; (H) bottom of wobble plate does not rotate, but 
tilts in any direction; (I) top part of wobble plate 
rotates with mast; (J) tranmission oil. 
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*Imagineering equals the union of imagination, man’s oldest mental develop- 
ment, and engineering his newest. Together they are the key to progress. 








ALL CLEOPATRA N&&DED WAS A 
PORTABLE SEWING MACHINE... 


LEO was a hep-cat! She gave from the hip. . . but solid. Remember 

Cc the time she met Julius Caesar rolled up in a Persian rug . . . and 
little else? All Cleopatra needed was a portable sewing machine to be 
voted one of the “ten best dressed women of the Nile!”’ 


All the nuts, bolts and screws—all the shuttles, cams and needles—yes, even all the 
aluminum in a portable sewing machine were on earth then, but Cleo’s 
cleverest Afrits and Genii lacked the “know-how” to Imagineer them. 


We coined ‘‘Imagineering’’* to describe how Alcoa, and other great groups of 
technicians, go about the job of supplying the methods, materials 
and machines of modern life. 


Today .. . youth laments that there are no new lands to discover, no new frontiers to 
cross. And yet, in the uncharted kingdom of the mind, hardy pioneers are 
daily spanning new horizons in the twin fields of invention and adaptation. Aluminum 
offers exciting new opportunities to every intrepid Imagineer . . . 
who seeks new industrial worlds to conquer. 


ALUMINUM COMPANY OF AMERICA 
Gulf Building, Pittsburgh 19, Pa. 
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How this plant serves a town of 2500 
as the Community Refrigeration Center 


An ice plant of only 10 tons capacit 
a few years ago, the Greencastle (Pa.) 
Ice and Cold Storage now handles up to 
80 tons daily, sells ice refrigerators, sup- 
plies farmers with ice for cooling «milk, 
chills 600 tons of cherries in ice water 
before pitting, ices many refrigerator 
cars. @ It stores 100,000 bushels of apples, 
and freezes big hogsheads of peaches and 
berries, all from its own packing house. 
@ Meats, poultry, vegetables, and cream 
are frozen and stored. Twelve hundred 
refrigerated lockers are rented. Fresh- 
killed calves and sheep (4000 per month) 
are chilled before being shipped. @ The 
ice cream bar sells lunches; a cold room 
serves as a milk substation; beer was 
formerly handled at wholesale. Quick- 
freezing of locally grown foods in great 
quantity is the next step, @ We believe 
every progressive town can profit, in the 
postwar world, from a COMMUNITY 
REFRIGERATION CENTER. You are 
welcome to make use of the consulting- 
a ge service and equipment we 
offer for this program. 


FRICK CO., Waynesboro, Pa. 
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FLYING WINDMILLS 
(Continued from page 246) 


it tilts the plane of rotation of the plate which, in turn, 
causes the pitch of the blades of the rotor to change 
as they rotate. As we saw above, this causes the plane 
of the whole rotor to tip. Since on the Sikorsky machine 
the blades are fixed to the shaft with respect to vertical 
and lateral movement when the rotor tilts the whole 
craft tilts.* Thus, in forward motion, the nose of the 
helicopter is tilted down about seven degrees. This 
tilting action is similar when going in other directions. 
To change the collective pitch of the blades, the face 
cam is moved bodily upward as a unit, causing the 
blades to increase their average pitch. In this manner, 
both the collective and the cyclic pitches are controlled 
through the one face cam. 

On the Bell machine the idea is generally the same. 
However, the bulk of the mechanism is not up at the 
rotor hub but down inside the body of the machine. 
Mounted directly above the engine and the transmission 
is the pitch change mechanism. This mechanism is 
much ke that in the Sikorsky machine, as it consists 
of two wobble plates, one fixed and one rotating. The 
lower one may be tilted in any direction thus tilting 
the rotating plate above. To the rotating plate are 
connected two long push-pull rods extending, parallel 





* Actually the blades are not rigidly connected to the shaft, 
but are set so as to allow limited movement in both vertical and 
horizontal directions. This allows for articulation, which is a 
rather vital thing. If this articulation were not allowed for, the 
blades would be under gigantic internal strain and would tend 
to snap off. Therefore, a certain amount of play is allowed in 
their mounting. 
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to the mast, towards the blades. As the wobble plates 
tilt they cause these rods to change the cyclic pitch of 
the blades. To change the collective pitch, as before, 
the entire wobble plate mechanism is raised by means 
of a lever which raises the short outer mast upon which 
the pitch change mechanism is mounted. From here on, 
most of the resemblance to the Sikorsky machine dis- 
appears. The long push-pull rods extend up along the 
mast and rotate with it. When they reach the hub they 
are connected to the inner end of two levers which are 
pivoted at their outer ends. These levers are mounted, 
not in the main hub, but directly below in a smaller 
stabilizing bar, which consists simply of two weights 
mounted at the ends of a long rod. This bar acts as an 
artificial horizon for the main rotor and makes possible 
many of the unique features in the hub itself. From the 
middle of the linkage levers in the stabilizer project 
the short, connecting rods which are attached to the 
control horns on the blades. By moving these horns 
the blades are changed in pitch with respect to each 
other. However, in directional control, this is not done. 
Since in the Bell helicopter there are only two main 
rotor blades, these blades are mounted rigidly with 
respect to each other, and the entire unit is mounted 
on a universal joint consisting of two gimbal rings. 
Thus, to change the plane of rotation of the rotor, 
the blades are actually rocked about the hub as a unit. 
When the plane of rotation is tipped, only the rotor 
and not the entire machine tilts. The pitch control 
horns on the blades are only used when changing 
collective pitch. The advantage of this system, is in 
the stabilizing bar, which acts as a sort of a gyroscope. 
Because the blade control linkage is mounted in this 
bar, the stabilizer can vary the rocking of the blades 
to a considerable degree. This gives greater stability 
to the operation of the entire machine. 

We have now examined the main rotors of both the 

Sikorsky and Bell machines. The single tail rotor on 
each machine, while a great factor in controlling flight, 
is a great deal simpler. It consists of a pitch control 
see which is moved in and out, varying, throug} 
inkage rods, the collective pitch of the various blades, 
in the case of the Bell machine two in number, and in 
the Sikorsky, three. There is no cyclic pitch control 
in the tail rotor of either ship. 

The helicopter, as a flying machine, is a long way 
from perfection. It still has many problems. Among 
these, vibration is the foremost. On all machines to 
date, vibration is present to a large degree and is only 
beginning to be eliminated. Another problem is found 
in the controls, which, besides being involved, some- 
times are stiff or hard to work and require boosters. 
Theoretically, the answer to all this is the jet-propelled 
helicopter, whose blades are rotated by means of sma 
jet units at the tip of each rotor blade. Several men 
have been at work on such machines, but so far none of 
their efforts have been successful. 

The degree of vibration in a normal helicopter is 
shown by the fact that the Sikorsky R-5, the workhorse 
of the fleet, used to shake out its instrument panel after 
but a few hours. A great deal of this unnecessary vibra- 
tion was removed when a worker accidentally left off 
one of the two T-shaped rubber supports upon which 
the engine rests. No one knows why that eliminated 
so much vibration, but the fact remains that it did. 

It is that way with a lot of things in a helicopter. 
No one really knows a lot about the subject. It actuall 
is a rather large and grotesque game of blind man’s 
bluff. Sometimes you hit upon something good and 
sometimes you do not. 

(Continued on page 250) 
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"Achievements 
in the Field” 
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Largest 
Butadiene 
Plant 
Uses Clark 


{ Steam Angles 


> 


“CLARK COMPRESSORS IN THE NECHES BUTANE PRODUCTS COMPANY PLANT” 


The world’s largest Butadiene plant—Neches 
Butane Products Company, at Port Neches, Texas, 
uses CLARK steam-driven “Angle” Compressors 
to compress the series of gases which are handled 
in producing Butadiene. 

The CLARK installation, part of which is here shown, 


CLARK BROS. CO., 








PACIFIC TYPE D—SINGLE STAGE, DOUBLE SUCTION, 
HORIZONTALLY SPLIT CENTRIFUGAL. SIZES 114" TO 
, 24". CAPACITIES UP TO 22,000 G.P.M. 


APRIL, 1945 


totals six 6-cylinder 1740 B.H.P. units, or 10,440 
H.P. These compressors require 50 million pounds 
of steam daily for capacity operation, while the 
water cooling plant handles 308,000,000 gallons 
of water per day, enough to supply a large 
metropolis. 


Inc., OLEAN, N. Y. 


For Every Pumping Need 


The Pacific line, complete and diversified, embraces centrifugal pumps 
for all purposes—refinery, hot oil and high pressure boiler feed service 
together with pumps for synthetic rubber plants and for municipal and 
industrial service. 


Available in an unsurpassed range of types and sizes, Pacific 
Engineered Centrifugal Pumps can be depended upon to deliver the 
highest pumping efficiency, the widest operating economy on whatever 


operation to which they may be applied. 


PACIFIC PUMPS, Inc. 


HUNTINGTON PARK, CALIFORNIA 
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LAND 2 | Sitcom Oar 
Wire Feep Screw MACHINES 


have ALL the features for 
[BS profitable production 


— high productive capacity 
Brown & Sharpe Mfg.Co. — unusually rapid set-up 
Providence 1, R. 1.,U.S.A. — simple to operate 


BROWN & SHARPE 





FLYING WINDMILLS 
(Continued from page 248) 


The helicopter has its limitations. It cannot hover 
over one thousand feet above sea level. Its absolute 
ceiling is not far over ten thousand feet. Therefore, a 
helicopter taking off from Denver, at a mile above sea 
level, could not take off vertically, but would have to 
move forward at the same time. Even then, it could 
not climb over five thousand feet above the ground. 

Someday the helicopter may be the standard mode 
of transpoit. But at present it is a strange and expen- 
sive toy which is being used for experimental missions 
only. No one can tell you a lot about the craft, for no 
one knows enough on the subject. But by trial and 
error we are learning vital information which may lift 
the veil of ignorance under which we now work. 

It may ie the dawn of a great new day, but, ifso, 
it is still too early to see anything distinctly. 


PORTABLE CAMOUFLAGE 
(Continued from page 235) 


and hexachlorethane burn under the influence of heat 
produced by a fast-burning starting charge, and give 
a thick grayish white smoke. 


H.O0+C.CI,+3 Zn Sey 3 ZnCl, ° H,O+2 C 


One of the more often used liquid smokes is FS, a 
mixture of chlorosulphonic acid and sulfur trioxide. 
FS is an extremely good smoke producer. The smoke 
is formed from a mixture of sulfuric and chlorosulphonic 
acids and water vapor from the air. It is usually 
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sprayed from airplanes and settles down. Although the 
smoke is harmless, it has an irritating effect on the nose 
and throat, and is corrosive to materials and metals. 
It is sometimes spread by artillery and mortar shells 
which form a dense cloud when they explode. Another 
liquid smoke is FM, which is titanium tetrachloride 
(TiCls). This smoke is less irritating and corrosive 
than FS, but it is more expensive, and therefore not as 
much used. 

The Germans, from the beginning of this war, have 
skillfully exploited the many advantages of offensive 
smoke. They have, for the most part, used WP, a good 
weapon for producing burns and temporary blindness. 
Captured German records reveal how far the Germans 
have progressed in smoke warfare. They have been 
able to produce an area smoke screen resembling thick 
natural fog and large enough to cover an entire divi- 
sion. They have specially trained troops for smoke 
fighting and, attached to them, troops to produce a 
traveling smoke screen. 

Smoke, however, has its disadvantages, the most 
important and serious of which is its dependence on 
weather conditions. Before it is possible to lay a suc- 
cessful smoke screen, it is necessary to make a careful 
study of the weather probabilities in the area, for a 
slight change in wind direction or velocity might easily 
ruin a smoke screen and make an entire operation a 
dismal failure. 

As it is, on our far-flung battle fronts, the weather 
observers work in direct conjunction with the smoke- 
warfare divisions; and this is the reason why American 
armies have many times successfully used the smoke 
screen to its fullest advantage. 

Here on the home front, M-1 smoke generators 
have been set up near industrial areas. These, being 
movable, are not as easily affected by changes in 
weather conditions. Members of the Women’s Army 
Corps have been taught their operation and are on 
hand in case of emergency to obscure from air view 
important military targets and industrial plants. 

Smoke is truly a portable camouflage. Its many 
possible uses and its importance as 4 weapon make it 
an essential part of a modern army, and it has so proved 
itself in this war. New methods and devices for its 
better use are being developed now for present use, and, 
although we hope there will be no need for weapons in 
the future, it will be on hand just in case. 
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Way 4 Bartie Wacon wears 4,000 Sappuires 


THE DELICATE PRECISION instruments so essential to the 
navigation of ships of the sea— and ships of the air—are 
dependent for accuracy on jewel bearings. There are 
4,000 of them in a battleship. 

Before the war, synthetic sapphire for these bearings 
came from abroad. Today, because of concentrated ef- 
forts over the past 36 months by THE LINDE AIR PRop- 
ucts COMPANY, a Unit of UCC, America need never 
again depend upon an outside source for this hard, 
smooth, wear-resistant material. 

This unusual UCC research project led to the quan- 
tity production of Linde sapphire and Linde ruby. 
These are produced in the form of a single crystal 
shaped like a cylinder—known as a boule (pronounced 
“bool” ) —and also in the form of rods of varying sizes, 
for more efficient and economical fabrication. 

In addition to its indispensability in bearings for mil- 
itary instruments, Linde sapphire already is being used 


by industry to combat wear in precision gauges, cutting 
tools, thread guides for textile mills, barometers, com- 
passes, and watches. Phonograph needles that last in- 
definitely are another interesting use. 


American synthetic sapphire production indeed is a 
tribute to American ingenuity, and promises much for 
the Nation’s postwar progress. 


v 
For additional information send for the folder P-4 “Synthetic 
Sapphire Production.” 


These objects are Linde sapphire 
and Linde ruby in boule and rod 
form—materials of vital impor- 
tance in military and industrial 
use. Because they are single crys- 
tals that are second only to the 
diamond in hardness—and can 
be given a surface that is per- 
fectly smooth—they are invalu- 
able in bearings and in countless 
other parts where there is wear. 


 Sapphi —RODS —- Ruby 


Sapphire —-BOULES —— Ruby 


BUY UNITED STATES WAR BONDS AND STAMPS 


UNION CARBIDE AND CARBON CORPORATION 


30 East 42nd Street 


(ss New York 17,N.Y. 


Principal Units in the United States and their Products 
ALLOYS AND METALS — Electro Metallurgical Company, Haynes Stellite Company, Kemet Laboratories Company, Inc., United States Vanadium Corporation 


CHEMICALS— Carbide and Carbon Chemicals Corporation 


PLASTICS— Bakelite Corporation 


ELECTRODES, CARBONS & BATTERIES— National Carbon Company, Inc. 


INDUSTRIAL GASES AND CARBIDE— The Linde Air Products Company, The Oxweld Railroad Service Company, The Prest-O-Lite Company, Inc. 





NATIONAL Beecetivers Bete THE EARS OF THE FLEET 
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OFFICIAL U. S. NAVY PHOTOGRAPH 


COMPANY 


MASS, U. S. A. 


NATIONAL RECEIVERS ARE IN SERVICE THROUGHOUT THE WORLD 
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Keep your eye 
on the 


For success in sports, 

keep your eye on the ball, 

For success in Tomorrow’s 

higher speed industry, keep 
your eye on the Ball Bearing! 


More than 300 million New Depar- 
ture Ball Bearings are at work in this 
war—but that’s just the beginning... 


For entirely new conceptions of machine 
power and speed have been born, ren- 
dering much machinery obsolete and 
proving repeatedly, that the Bal/ Bearing 
has more of the characteristics indis- 
pensable to higher speeds, heavier loads 


and maximum rigidity. 


There is no substitute for Ball Bearings 
and no substitute for the technical ex- 
perience and creative engineering that 


go into New Departure Ball Bearings. 


So... keep your eye on the Ball 
Bearing ... the New. Departure 
Ball Bearing. That’s keeping 


your eye on Tomorrow! 


Ask for your copy of ‘‘Why 
Anti-Friction Bearings?’’ 


nothing rolls like a ball 


NEW DEPARTURE 


BALL BEARINGS 


NEW DEPARTURE e DIVISION OF 
GENERAL MOTORS, BRISTOL, CONN. 


Sales Branches: DETROIT, G.M. Bldg. 
CHICAGO, 230 N. Michigan Avenue 
LOS ANGELES, 5035 Gifford Avenue 





WIZARD 


If you had a G-E differential analyzer in your room, you could get your calculus assignment done 
and still make that nine o’clock movie. You might even get rid of all those back assignments that 
have been piling up. In only a few days the analyzer can solve problems that might take years to work 


by conventional methods. 


Working with differential equations, this machine can solve as many as fourteen simultaneous in- 
tegrations at once. There are four input tables and two output tables. As the variables in the equation 
are being solved, the shafts rotate, moving pens which in turn plot accurate curves. And you’ve 


got a graphic solution of your problem. 


- The. analyzer may never actually help you with your studies—it’s too big and complicated. 


But it does help G-E engineers in solving many problems—radio, hydro-dynamic flow, airplane 
stress, speed governors. The answers have important applications in war work. 


REPAIR SHOP 


Somewhere—near a battlefield—a war-weary tank 
stands waiting for repairs. A jeep bounces up, and a 
welding crew gets out ready to begin work. Before 
long the damaged equipment will be back in the fight 
again, and it will be almost as good as new. 

It looks just like an ordinary jeep. But it isn’t. 
It’s a new welder jeep with a specially perfected G-E 
arc welder designed to make emergency repairs right 
on the field of battle. The welding unit takes the place 
of the right front seat, leaves room for three men to 
ride, one in front and two in back. 


GHOST PHOTOS 


When it gets around in ghostdom that G-E engineers 
Barnes and Bellinger have developed a photographic 
technique so sensitive that the invisible can be 
recorded on film, a line may form at the right. 

But this technique was not developed to tickle the 
vanity of ghosts. Its main function is capturing such 
minute and elusive elements as air disturbance, a 
heat wave, or a sound wave and its reflection. It saves 
many of the calculations once necessary in determin- 
ing how air goes around turbine blades and plane 
propellers. General Electric, Schenectady 5, N. Y. 


GENERAL @ ELECTRIC |=. 


The Murray Printing Company 
Cambridge, Massachusetts 





